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PAKLL summary 

Tills flisf juuitcily icpoit summarizes flie progress made In tlie preliminary design 
pilose of file ptojeef. To date no contract cliangos liave been requested, but the 
status of flic certification to be done by Underwriter's Laboratory, of tbe Proposed 
Inifrumenfotlon Plan and of tbe Operational Site Definition are given In Port II - 
Cent tact . 

The Dcvelopriieiit and Vcrificotlon Plan Schedule is given In Part III. Tbe scliodule 
of future dellveroblcs os tbe Final System Specification is subject to tbe date wben 
tbe government designates tbe operational sites. 

A dr scriptlon of tbe Teebnical Performance is given In Part IV. Tbe system bos 
been defined and major hardware approaches selected. A fv^o-poss air-beating 
collector was selected based on elficlrincy , eose of Irislallatlon and development 
status. An Fnetgy Transport Module,LTM, has boon designed to compoctly contain 
all the mecbatilcal and electrical control components, Tbe Inter foces with tbe LTM 
are slrnpllfli tt, easing Installation. 

The next Important step is to build the bardwore needed for verification testing. 
Including solar panels and an LTM. Tbe solar panels will be tested on an Instru- 
rrented test stand by Fern Etiginecring, and the ETM will be evaluated at the UL 
Liiliorcfories In similar way that conventional HVAC stibs/sferns are evaluated. 

A list of Document and Drawing Submittals are provided at the end of tbe rt'port. 
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PART II CONTRACT 


CHANGES: No contiact changes have been requested. 

As a result of the prellmlnory design studies the solar system configura- 
tion was changed from what was proposed. These changes are: 

1) The solar collector configuration was changed from a single- 
poss to a two-pass flow ariangoment whereby the circulated air 
picts up luot fiom both sides of the absorber. The rationale for 
the change is that the two-poss Is more efficient, eases Installa- 
tion and the development status Is the same as the single-pass 

% 

collector. 

2) The system configuration was changed to cenfiallze all mechani- 
cal conipononf s and controls Into o single package, named the 

t 

fiH'igy Ttans|>oit A»\«odule (ETM), By ccnfiallzing mechanical 
and electrical functions In the fcTM, installation will be simpli- 
fied. System ceitiflcntlon is also simplified as the complete ETM 
can be ship'ped to an Independent testing laboratory. 

PROPOSED INSTRUMENTATION PLAN: A Proposed Instrumentation Plan, Fern 

Engineering Proposal F-312, was submitted to NASA with pricing on 
1-24-76. The plan Is based on the tentative site at Tunkhana, Pa. The 
approved P.I.P. Is expected by 3-10-77. 

CERTIFICATION: The Lmderwriters Lahorotory v/as given initial funding to 

famlllarl/.e themselves with the system ond to prepare a Certification 
Plan. Meetings were held v.Ith U.L. pjt'.onnci on 12-27-76 and 1-24-77 


(PDR). 
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ChRT inCAT ION, continued: 

The scope of the U.L. effort was discussed jointly with NASA and U.L. 
representatives at the PDR. As a result of the joint PDR meeting U.L, 
will concentrate on the safety aspects, covering those requirements speci- 
fied in the "Interim Performance Criteria", as well as those requirements 
that will ensure compliance with National Codes and Standards. It is 
anticipated that UL will test, ii its own laboratory, an ETM module, 
containing the mechanical and electrical control components. UL will 
provide a document that describes the system, describes the test and 
evaluation they have done and which indicates safety criteria far appli- 
cation of the equipment. 

OPERATIONAL SITE DEFINITION: Definition of the operational sites was 

scheduled for the PDR, however, the government has not as yet defined 
them. Delay in site definition will delay the final system specification. 

In Older to assist NASA in site definition, several alternative methods 
of system retro-fit were presented to NASA at the PDR. 
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part III SCIUDUIE 


The Development Plan Sclu'dule Is given In Table lll-l. 


The Design Dufa inquired for Covciniiicnt Foinishnd She Data Ae cjulslt lun Sub* 
system was furnished In the foim of a Pioposed Insti umentat Ion Plan (PIP) p< i dijeu- 
merit SHClOl^. This document was nuide avolhible to fein at tl'.e conliuct 
negotiations, and conforinonce to It requlied definition of the system and of the 
opeiutlonol site. Piellmlnoiy site information w asd.'a'iic*vT fiom NASA on Decem- 
ber 17 and then was used to develop the PIP. 

The Preliminary Design Rrwlew and (^uaiteily Design Review wore i oscheiluh'ij ut 
t!ie conv nlerice of the goveinment per lD-0-1 (AH-00190). 


The Vei I fleet Ion Plan Is In nccoidance with tlie Vi ilficatlon Matrix for Doc. 
"Inteilrn Peifoimance Ciileila for Solar Ih.ating ami ComblnmJ Meriting A Cool I'g 
Systi ins ».ind Dwellings" Januaiy 1, 1975. The Voiificollon Plan v.'<:s lilvldid h.to 
phas* S, ind In tlie Development P'nase eoveied by this qu nleily I'poil the in< Vods 
wi n‘ llii'.ltr d to SImilailty and Analysis. The status of all Vei if Icat ion Items Is 
given In Table 111-7. The Documr.-nt ami Dia.vinj Nds. u fem d to thoielncre 
Icicnt ifiid In Section IV-D "Data Sulvinlttals". 
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PAkr IV nCHNICAL pr.RI-ORmNCE 


A. OPSCKIPTION W^ORK 

System Definition: f ifteen alternative approaches to the system con- 

figuivitlon were studied, parometl/.Ing the nuniber and location of the 
dofi.pets, the number ond lo(.atIon of the fans, the Interface locations 
wllli trie furnoce (vl/, upstream, downst r earn or para I !el Interfaces), th,e 
size and type of subsystems and operotirij modes. The system criteria are 
ilefined In Table IV- 1. 

The rerultlnj Toy ststern detinitlon features are given In Table !V-2. The 
vor lous operating modes arc di'plcted In Figures IV-1 to IV-3, Because 
alt - hi at irxj solar colb itors ate used, dluct solar heating Is [x^sslble. 

Tlie signal from the first stage of a tvvo-slage room thermostat (Tl) Is used 
toaitivote AA'Je I. A lolb itor thermostot, (f C ) Inliibit s ^Aode 1, unless 
the ( ('111 t tor t cmpei ut ur e- has ttv.ieased sufficiently (nominally 10CX3F)to 
< b‘ t‘ lire 1 . 0 1 1 ee tor thiim.vtiit ilreuit. All control functions are fiondled 
by (,'lass ? clicitlls. Relays locati d In the LFM regulate the action of the 
I leweis, darnpr rs and of the pump. Both the furnace fan and the solar 
eoHector operate It. tb.e direct heatirig t'toife. Tire femperoture of the 
alt deliver ' kI by the collector uit\g<'5 from 90 to IdO F ^or kV.'de 1. AiVede 
?, I ri'-tijy Storage Is activated either by •! signal fii tn s'ago 2 of tlu' room 
ihei rnv'TStijt when the furnace buiner Is stnrti d, and (.u by o sige.jl from the 
dilfi rintlal thermostat having 'eitsofs ultachsd to the al^sorber and 'o ‘he 
sfntnji' lar)ti(s). Slmultoni .nrs t pcratlon of the furnace burner end the 
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solar collector Heliverlng heated air is inhibited by the control; this 
avoids the possibility of overheating the house, as v/ell as sending 
heated air to the collector. In Mode 2, air is circulated through the 
collector and over the finned heat exchanger in the ETM. 

The pump in the ETM circulates water from the cooler regions of the 
storage tanks through the heat exchanger, thereby transporting solar 
energy to heated water storage. The air is returned to the collector for 
reheating when it exits from the heat excharrger. As the collector will 
be sizc*d to be able to supply much more than the demand on a clear day, 
the operating mode will switch back and forth between direct solar heating 
rind storage during a typical clear day. On cloudy days, a greater pro- 
poition of time will be spent in direct heating. The direct heating mode is * 
the most efficient thermodynamically, as the temperature of the air entering 
the collector is lowest for this mode. 

Mode 3 is heating by stored energy. This mode is activoted by a signal 
horn Stage 1 of the room thermostat, when the collector thermostat is 
open, c.g. cloudy periods and night. Mode 3 operation is inhibited by 
a storage thermostat which will preclude operation if the water ternpera- 
tu e in the warmer regions of the storage tank is not sufficient for heating 
purposes (e.g. nomina lly greater than 90f*F). 

The storage sybsystem utilizes potable water. The storage subsystem is 
pressurized and connected to the DHW tank; a DHW draw causes a draw 

ORIGINAL PAGK lb 
OF FOUR QUALITY 
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t>n flu* lu*(if»'il sfi'u'il vviifi'i, flu'irl'y i«*vliu itt»j flu* i*iu*i; 7 y it*ijiiii«'J to 
luijf flu* l^MW fo flit* iff frmpc’tofutp, Ari «*\poi\sIon fonk, piov Mrd 
with o Jlopliioijm oiul pu*rliouj«* of oir li i'%«*»l to limit \y\f«*m piossiiH** 
l>«*twc'«*o 1)0 ond 80 psio wlult* p(i*v«*iititvj ony l*oc Inflow. 

A moiKiUii piu lvOijp, iilrnf i fir»l o% TIu* fnouiy Tioiupv^it W^iIuIp (I T 
lios l'c*«'P ili ^iijne'd to lioii\«* flu* lu-ot «*\olioivjf*r, oil mn-luinii ol iom|V>- 
m'ot% oml »'l«*itiicoI lontioU. llu* tI^^^^lll lu* lnsfvill«*d vuljov i*nt to 
flu* k-i'p woim-oii foMUH c*. Connc*ct4 \\ illi flu* IIMok*; 
o Ts\o oil iliK t I’omu'i t ion% wifli flu* I'vick-op fomoi r. 

o Tv>o oil duct coo(u-t t ii>ns witli flu* soloi t«*ll«'ifor. 

o C'Iom-Tv^o ciicuit (?-1v) coiuu**.fioMN to flu* tlu*imo%tot» , 
o I uiMOCi* po\% «'i U.IO to I 1 NA foi p»iioll«*l l ontiol of 
fill mil' «* fvin . 
o Power fo flu* 

o Two pipioj cooiu'i t ii>iu with tiu* \fi'io>j<* ^l'l''y^t^•m. 

The oil ductiivi, pipio'J *>oif \toioo<* I’li* ioMiloted. 

Tiu* tiu'imol ic'iistoncr* \»ili'c*» oic*; 

Ail r^iii'tiivj K 1 d . f> 

‘'fi’uuji* K dO 

Pipioij K d 

C't> 1 1 «'k f I'l s; T h p t i* 1 1 i*v f I'l o 1 1 «*i luif i \ «*\ \t udi (*»l o 1 1 * >)i\ i*n in 1 iil> 1 1 * I V - d 
P«‘i f»'i iiiiiiK «* ^^lKlly^«•^ lui\ «* l*»*«*n iiiiiii’il I'ut » ooMili'i ioij ; iiT flu* v'liU 
l•n^•MJ) f lon\mi^^ion tind *l>v*i pf ion v*f «*vK li i o\ c*i , l*T llu* uidliif«sl in*^ui 


red transmission and absorption of each cover, c) the convection losses 
between covers and on the exterior, d) the solar energy absorption ef- 
ficiency of the absorber, e) the emissivity of the internal duct surfaces, 
f) the roughness of the internal duct surfaces, g) the amount of insula- 
tion, h) duct size, i) air velocity and j) air-flow distribution. 

The two-pass collector design, whereby the air flows over the front of 
the absorber and returns in back of the absorber, was found to have 
superior thermal performance. The front-to-back two-pass collector 
simplifies installation as the inlet and outlet ducts are adjacent to each 
other on one end of the collector. The present baseline design approach 
is given in Table IV-4. The frame construction opprooch is still under 
study, comparing the cost of aluminum vs steel. A 20-year design life- 
time is desired, and it is felt that hot-dipped galvanized and bonderized 
steel can provide the lifetime. Of concern is the future price of alumi- 
num as projections indicate a 3CP/o Increase this year alone, A glass 
cover was selectedvis-s-vis a plastic cover tc preclude any external fire 
hazard and to use the proven structural capacity and durability of gloss. 

The calculated performance of several key alternatives is shown in 
Figure IV-4. Small gains arc possible by refinements of the internal 
design of the ducts; these are currently being left as future product 
impiovemcnts. The alternative of using FEP instead of KALWALL is 
currently being pursued. The FEP has a low index of refraction, re- 
sulting in smaller reflection losses than for glass. The FEP has greater 
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Table IV-5. The resuUs shown in Table IV-5 illustrate the effect of 


collector size, storage capacity and use of a reflector. A typical in- 
stallation for this house would be two rows of panels running the full 

2 

length of the house having a 300 ft collector aperture, and would pro- 
vide 40% of the space heating. The system performance will depend on 
site location, insulative quality of the house and of the system component. 
Based on the performance calculations, a preliminary system performance 
specification was developed and is given in Table IV-6. 

Certification Plan: Two meetings were held with representatives of the 

Underwriter's Laboratory to devise a certification plan. At present, UL 
is developing a plan to meet the safety criteria of national codes and 
standards and at the HUD Interior Performance Doc. .• 1-1-75, UL has 

I 

been provided with drawings, analysis and descriptions of the system. 

The certification plan is summarized in Table IV-7. 

Retrofit Studies: System design must consider the dfverse ospects of retro- 

fit approaches. Alternative approaches are sketched in Figures IV-6 to 
IV-11. Actual retrofit installations will be dependent on house orienta- 
tion, available lot space, location of chimneys and vents, roof pitch 
and gables, local building codes, and accessibility to the installerf 
heating plant. The finalization of a system specification will depend 
at least on the features of the site noted above. 
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URIGINAL PAGE IS 
OF Poor qualjtv: 


B. FORLCAST OF ACTIVITIFS FO COMPLETE TASKS 


Piofotype Design: Prototype itosiijn will continue, refining the design, 

peiforming etigineering ond cost onolyjes, developing specificot ions 
and preparing fabrication drawings. 


Deveiopment.'Vei ification Testing: SoKit collector performance verifi- 

.2 


cation will be ochieved via testing a trominal 100 ft collector array 
insturmenti'd in accordance with NBS, ASTM recommendat ions and 
tested in accordance with criteria being developed by ASHRAE and HL)D. 
An Energy Transport KV'dule, (LTM), mechatrical ly otrd electrically com- 
plete will be fabricated, tested and sorst to the Llnderw r it et *s lalvratories 
for safety verification. 


Final System ^ec ification: A final sysrem specification will be devel- 

oped ufv>n selection of the opeiotionol test sites by the government. 


Installation Drawirsgs: Installation drawings will be developed when 

the Final Systerr Specification is completr'd. 


Protot^jje Mardwore Fabrication: Release of dtawitvgs for fabrication 

will be done when oil spec rficat ions are (Iruili.-«*d ami the protot)pe 
system is approved. Produstiorr studies will be nnide to select rhe ap- 
proach providing the best advorrtages. 


Installafiors ProjV>sals: Ptopo"ds for irntallirsg the S) stems will be 

develop«*d I'pon rer^irest of the government. 


lo 


- ■ - ---i - 


C, Identificaf ion of Major Problem Areas or Difficulties Encountered; 


To date, the primary effort has been in preliminary design and 
selection of hardware approaches. Hence, problem solving is 
a continuing effort, but at the moment, no majo r problems or 
difficulties have as yet been encountered. 

D. Data Submittals; 

A list of document submittals is given in Table IV-8, Drawing 
submittals are given in Table IV-9. 
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KEY system criteria 


^ 5 AFET/ f f?E^/^ 3 lLITY 

• >^BIDC B/ UAJIO.MAL CODES 

^ AVOID PREH£AT>MC furnace AIR 

.AVO/O S1S\OULTAREOUS START UP OF AU mjVRS 

• AVOID BACH nows 

#VJSf CERTIFIED FQUlPh^EMT 

• use teaipered glass 

# Avoid //atahdo-.is use of Mater/als 
0DESIS/V To WIT f IS T/IAIH NO- FIOVJ TFMPERFTURFs 

• AVOID PjTCNT/AL duct 03 SrA'UCT/CiA/J /N back-up Of i r 
wLocArE FA/\s :n Coolest Ioo*t,ons 

• PPO'^lDF STORAC,E renPER/'-rURE limit 

• PKO W! DE PRESS URE SEL lEF 


, FCONOaI 1C 

• SiyiniFr 1 vstallatiof/ 

0 A\OiD f\CfiSivS FAhj PuMp 

0 SELECT E fF/C/c^ 7 FA NS F A]OTOFiS 

* 

• SfSFtAJ FfFlCiENcY AT least S7fi7C-c F - akt W /CFc^rfy 

tCAiS OF. AlAiKTCNANCe 


• A\A\lRDLE SU^'.IASR^ni 
, KfTFtO-Fir ADmTAE'LlTY 
0 REDUCE FAY-CFF peri 00 
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TABLE IV-6 

SYSTKM PERFORMANCK SPECIFICATION 


APPENDIX A 


Specification No, 

Page Date 

Page of 


SYSTEM IDENTIFICATION 

This Appendix defines the performance and installation ‘ . 
drawings for ( Enter type of syste m), (Ent er Contractor Name) , 
System Model Number ( Enter M ode l Number ). 

SYSTEM pf:rformance SHF^ETS 


The system shall be installed in a residence in the city of 

Tunkhan a county of , state of Pennsy lvani n • 

Heat ing Cap acity * 

The system will provide solar energy for ^0 % of the average 

total heating load din ing the heating season based on an average 
total heating load of TIT U/ Month and a peak heating load 

of 26550 BTU/hr. 

■Cbolur jg -Ca-piveiXy. 

Thir iryartm r -w i-H- p-rov-kl/*- -s-aLuc _c u c Sor "x v c rtvgtj 

rOTTrt" CTTuid ng- 1 oa-d- -fkj-r-kvg- xxualirLg. .^va-s onj- bar0-o4 -on -an _a. v oriVg .0 

fiTnrl" CTTutl ng- 1 oa-d- of -D TJU J. M erntir arid- a.- j>ook- -GooUn-jj doaxi 

"df trf tJ-Ahr . 

Auxiliary Energy 

The .average rate of auxiliary energy used for heating shall be no 
greater tlia n V55^/'/^^DTLJ/Morith of the total energy required for 

heating, including hot w.ttor. This shall be no greater than 60 

of the total energy requir»^d for heating. The average rate of 
ftTrxrl4ftr-)"-coe^gy-«Be-d-fo-r-cool-ing-dTrri'ng--thc-cool-ing- e'e-fH>on-shA41 

bC"no“gTT'Trixnrttmr iVT H/MTmXh; — ^Thia-shft41-be-ne-greft-te-r 

Clran % ~af~rt7C"txytTrl-eTn-r-gy-rcgn-iTed-fer-€<x>14Hg. 

Based on 6254C?>, 6° F Design temp., 8 mos. heating season. 
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ORIGINAL PAGE lb 
OE POOR QUALITY 


TABLE IV-6, confTnucd 

SYSTKM PKRKOHVANCK SPKCIKICATION 


Specification No. 

Pago Date 

Pago of 

Hot Water 

■ gallons of potable (or useable) hot water shall be delivered 

at no less than gal/min at temperatures no less than 120 op. 

Recovery time shall be no greater thag 2. 2 hours. The average 
hot water heating loid will be 1.68X7^7 DTU/Month of which 60 % 

la provided by auxiliary energy. 

(75 gol/doy w/washer, 3 BR, 1-1/2 bath) 

Operating R equl remcnta 

The maximvim electrical energy required to drive the solar portioii of ^ 
the system at its rated capacity shall be no greater »han K.W. 

The maximum electrical energy required to drive the complete system 
shall be no greater than 5 K.W, The average yearly electrical 
energy required to drive the system shall be no greater than 4400 K. W. H. 

W. -> I <? r_-f 4- c-oo U n g -c-ot Ao r-^a4 r-hwn4idif-ic-Ulo4i 

■Ivo no-gr.eA4-«w- than—— g .ajy Ivp. 

* Includes operation of furnace fan to distribute air &K'is^^for water heater. 

P hy s ical Data - Table III 


The following suboyotenis shall have: 

Design life tro 
less than 


Weight (filled) Installation 

no greater than fL'*- *■ 


Heating 

20 

years 

200 

lbs 

ETM 

25x30x48 In. 

CooLhig 


years 


lbs 



Auxiliary Energy 

20 

yea r a 

2900 

lbs 

Furn. 30x30x48 In. 
Tank 2 X 5x5 ft . 

St o rage 

20 

y ears 

3000 

lbs 



Potable Water 

20 

years 

_465_ 

lbs 


2 X 2 X 5 ft . 

(or useable) 






(Z 3 ) 

Collector 

20 

years 

6 

lbs/fi2 

5' X 42' each 

Energy Transport 

20 

years 

. 5 Ibs/ ft (w) 

4-1 lbu/ft(oIr) 

_ N/A 

Cont r ols 

20 

yea rs 

25 

each 


N/A 

(Other) 
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